Introduction {#sec1}
============

The cornea is a major source of aberrations which can cause limitations in visual acuity and quality.[@bib1], [@bib2], [@bib3] In keratoconus patients, decreased visual acuity is one of the main complaints, and in comparison with normal corneas, keratoconic eyes exhibit many corneal irregularities, irregular astigmatism, and aberrations.[@bib4], [@bib5], [@bib6], [@bib7] Coma, especially vertical coma, is the most common aberration in keratoconic patients.[@bib8] These aberrations are found and can be evaluated in both the posterior and anterior surfaces of the cornea.[@bib9] Measuring corneal aberrations changes improves our understanding of the changes in the shape and optical properties of the cornea and keratoconus progression.[@bib10] Studies suggest that vertical coma and total root mean square (RMS) aberrations are the best aberrometry indices to detect keratoconus.[@bib11], [@bib12], [@bib13]

Vision improvement in keratoconic patients can be achieved through the use of contact lenses or surgical methods such as corneal ring implantation and corneal grafting. Rigid gas permeable (RGP) lenses, the first lens choice for keratoconic patients, are believed to change corneal astigmatism as a result of the optical characteristics of the tear layer behind the lens.[@bib14] However, studies in this regard are inconclusive; they vary in methodology and follow-up time, and there are still many questions concerning the effects of RGP lenses on different corneal parameters.[@bib15], [@bib16], [@bib17], [@bib18] This study was designed to examine changes in the total RMS and Zernike polynomials in keratoconic patients after 3 months of RGP lens wear.

Method {#sec2}
======

In this prospective, before--after case series, patients with mild to severe keratoconus referring to the contact lens clinic were included. The study was approved by the Ethics Committee of Iran University of Medical Sciences. All patients had already had complete ophthalmic evaluation by a cornea specialist, based on which the diagnosis of keratoconus was made and confirmed through imaging modalities. Objectives and methods of the study were explained to patients, and they all signed informed consents before participation in the study.

Inclusion criteria were age between 19 and 35 years and being eligible for fitting RGP spherical lenses. Patients with a history of RGP lens use, corneal scarring, infectious or inflammatory ocular diseases, corneal graft surgery, ring implantation or corneal collagen crosslinking, and those referred for fitting mini-scleral and ClearKone lenses were excluded.

Patients had complete ocular examination including the measurement of visual acuity using a Snellen chart (Nidek-34605-6004-LCD Chart, Japan) at 4 m, objective refraction with a retinoscope (Heine Beta 200, Germany) and an auto-refractometer (Nidek, Japan), and subjective refraction with a trial lens set and frame. The appropriate aspheric RGP lens (Iran, Lens Gostar, Tehran, Iran) was prescribed using the diagnostic fitting method.[@bib19] On slit-lamp examination, good tear exchange was verified by observing the fluorescein pattern with mild apical clearance over the corneal cone and slight edge and midperipheral clearance.[@bib20] Patients were instructed to wear their lenses 3 h a day during the first week, and add an hour a day per week up to a maximum of 8 h daily. Follow-up calls were made to patients to stay in touch with them and ensure adherence to the study protocol.

To measure aberrations of the anterior and posterior surfaces of the cornea at baseline and at 3 months, we used the Pentacam corneal topographer (Oculus Optikgeräte GmbH, Wetzlar, Germany) which has shown to be highly reliable.[@bib21] Extracted indices for the anterior and posterior corneal surfaces included the total RMS, 2nd order astigmatism 45°, 3rd order coma 0° and 90°, 3rd order trefoil 0° and 30°, and 4th order secondary astigmatism 0° and 45° measured over a 6.0 mm aperture.

Statistical analyses were done using the Statistical Package for Social Sciences (SPSS) Version 20.0 (Chicago, IL, USA). Results were compared using repeated measures analysis of covariance (ANCOVA), and the correlation between fellow eyes was accounted for. Changes were considered significant based on a significance level of 5%. Relationships between aberration changes and other variables were also explored using single and multiple linear regression analyses.

Results {#sec3}
=======

A total of 10 patients, 3 women and 7 men, with a mean age of 27.2 ± 4.9 years (range, 20--35) were enrolled, and their 16 keratoconic eyes were evaluated. Based on the indices and classification scheme suggested by Rabinowitz, the number of eyes that could be classified as keratoconus and early keratoconus was 12 and 4, respectively.[@bib22] The diameter of the prescribed RGP lenses was 9.60 mm in all cases, and they had a mean base curve radius of 7.70 ± 0.28 mm (range, 7.20--8.10) and a mean power of −1.56 ± 1.26 diopters (D) (range, −3.00 to +1.25). At baseline, patients had a mean maximum keratometry reading of 54.06 ± 5.73D (range, 43.90--67.10 D), mean central corneal thickness (CCT) of 468.40 ± 56.11 μm (range, 381--547), and mean anterior Q-value of −0.80 ± 0.39 (range, −1.52 to −0.28), as determined with the Pentacam. [Table 1](#tbl1){ref-type="table"} presents the mean values for these variables at 3 months and their changes.

Studied aberrations in the anterior and posterior corneal surface before and 3 months after using RGP lenses are summarized in [Table 1](#tbl1){ref-type="table"}. None of the studied aberration indices in the anterior or posterior corneal surfaces showed no significant change.

In the second set of analyses, we examined the effect of baseline values of different parameters on the amount of 3-month changes in the studied aberrations. With univariate regression analyses, baseline CCT significantly impacted changes in total RMS HOA (*β* = 0.009, p = 0.017), anterior surface 3rd order coma 90° (*β* = −0.010, p = 0.034), and anterior surface 4th order astigmatism 0° (*β* = 0.002, p = 0.029). CCT relationships with total RMS HOA and anterior 4th order astigmatism 0° retained their significance in the multiple model as well (*β* = −0.841, p = 0.001 and *β* = 0.003, p = 0.045, respectively). Also, changes in anterior spherical aberration (*β* = −0.525, p = 0.005), 2nd order astigmatism 45° (*β* = −0.321, p = 0.018), and 4th order astigmatism 45° (*β* = −0.279, p = 0.014) significantly related with their baseline values; the second relationship retained its significance in the multiple model (*β* = −0.313, p = 0.045) and is illustrated in [Fig. 1](#fig1){ref-type="fig"}. No other significant relation was found between changes in any of the aberration variables and baseline maximum keratometry reading, CCT, or anterior Q-value (all Ps \> 0.05).

Discussion {#sec4}
==========

The impacts of contact lens wear on the human corneal topography and optical performance have been examined through various studies which vary by design, sample size and type, follow-up periods, and measurement tools. Similarly, studies of RGP lenses on keratoconus patients not only vary by these parameters, but also fitting methods and choice of lens, and results have been inconclusive. Of note, most of the few available studies have focused on changes after suspending contact lens wear or with lenses in place.[@bib18], [@bib23], [@bib24] In this study, we examined changes in ocular aberrations after 3 months of RGP lens wear in keratoconus patients using the Pentacam Zernike Analysis software. Determining the role of baseline parameters may provide practitioners with information that can be useful for predicting outcomes.

As presented in [Table 1](#tbl1){ref-type="table"}, we observed no significant change in any aberration index of the anterior or posterior cornea. Total RMS is an important parameter for the analysis and understanding the theoretical values of ocular aberrations[@bib25] and encompasses all higher and lower order aberrations. In a recent comparative study of apical touch and three point touch fitting methods in 50 keratoconic eyes of 31 patients, total RMS, as measured with the Pentacam, was reported to decrease after 14 days of RGP lens wear.[@bib26] In terms of total RMS HOA reduced levels were observed in a study of 40 keratoconic eyes using a Hartman Shack aberrometer before and after fitting RGP lenses.[@bib27] In a retrospective study by Negishi et al, changes were examined in 13 eyes of 10 patients with mild keratoconus, and the authors reported significant decreases in the total RMS HOA, third order coefficients, and fourth order Zernike coefficients.[@bib17]

In our study, vertical coma slightly reduced 3 months after RGP lens wear; mean change was 0.48 ± 0.10 μm for the anterior corneal surface and −0.11 ± 0.26 μm for the posterior corneal surface. Statistical analysis showed a borderline significant decrease 3 months after using RGP lenses. The importance of this finding is that a larger sample size may generate results with statistical significance. Also, changes in the vertical coma of the anterior and posterior corneal surfaces had opposite signs. In keratoconic eyes, coma, especially vertical coma, tends to increase as the disease progresses[@bib28] which is due to the inferior position of the corneal cone in most patients.[@bib29], [@bib30], [@bib31] Very few studies have evaluated coma changes in relation to RGP lens wear in keratoconus patients. Kosaki et al studied 19 eyes of 15 keratoconic patients and reported a decrease in coma from 0.35 ± 0.29 μm to 0.16 ± 0.08 μm and secondary astigmatism from 0.11 ± 0.07 μm to 0.04 ± 0.02 μm in the anterior surface of the cornea.[@bib32] They also examined the effect of RGP lens wear on the posterior surface of the cornea.[@bib32] In agreement with our results, the posterior surface was less influenced by RGP lens wear, compared to the anterior corneal surface.

Studies suggest that contact lens wear-related aberrometry changes and direction of coma depend on baseline aberrations and corneal shape.[@bib33], [@bib34] In our study, we found significant relationships between baseline CCT and changes in total RMS HOA, anterior surface 3rd order coma 90°, and anterior surface 4th order astigmatism 0°. Also, changes in anterior spherical aberration, 2nd order astigmatism 45°, and 4th order astigmatism 45° significantly related with their baseline values. In a 2007 comparative study between 22 myopic eyes and 14 keratoconic eyes, the authors concluded that HOA can be enhanced or reduced based on baseline ocular aberrations as an effect of changes in vertical coma. In the mentioned study, HOA decreased from 0.54 μm to 0.36 μm while coma increased from −0.185 μm to 0.134 μm, and the orientation of coma changed from inferior to superior cornea in keratoconus patients.[@bib16] These observations call for further studies with sufficient samples in different groups of keratoconus severity or baseline aberrations.

This study has several limitations. The sample size of our study was too small to draw a definitive conclusion. Also, the number of eyes in the different subgroups was not enough to allow for analysis in categories defined by corneal thickness, keratoconus grade, and baseline aberrations.

In conclusion short-term RGP lens wear in keratoconus patients seems to be associated with no significant increase or even a decrease in aberrations. Further long-term studies with larger sample sizes are needed to complete our knowledge in these areas.
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Corneal curvature, thickness, Q-value, and anterior and posterior aberrations in the studied sample at baseline and 3 months after wearing rigid gas permeable contact lenses.

Table 1

                                                   Baseline         At 3 months      Mean change (95% confidence interval)   p Value[a](#tbl1fna){ref-type="table-fn"}
  ------------------------------------------------ ---------------- ---------------- --------------------------------------- -------------------------------------------
  Maximum k-reading (diopter)                      54.06 ± 5.73     54.52 ± 6.07     0.46 ± 2.10 (−0.70, 1.62)               0.410
  Central corneal thickness (micron)               468.40 ± 56.11   465.40 ± 59.34   −3.00 ± 10.34 (−8.73, 2.73)             0.280
  Anterior Q-value                                 −0.79 ± 0.39     −0.80 ± 0.45     −0.01 ± 0.20 (−0.13, 0.10)              0.785
  Posterior Q-value                                −0.87 ± 0.66     −0.84 ± 0.76     0.03 ± 0.27 (−0.12, 0.18)               0.658
  Total RMS LOA                                    9.00 ± 4.40      8.69 ± 5.53      −0.31 ± 2.35 (−1.56, 0.94)              0.605
  Total RMS HOA                                    2.54 ± 1.41      2.52 ± 2.04      −0.02 ± 1.10 (−0.60, 0.56)              0.942
  Anterior corneal surface aberrations (micron)                                                                              
  Total RMS                                        10.95 ± 5.34     10.69 ± 4.92     −0.26 ± 1.42 (−1.04, 0.53)              0.495
  2nd order astigmatism 0°                         −1.00 ± 2.64     −0.87 ± 2.86     0.13 ± 0.49 (−0.13, 0.39)               0.304
  2nd order astigmatism 45°                        −0.29 ± 2.60     −0.64 ± 2.11     −0.35 ± 1.43 (−1.11, 0.41)              0.343
  3rd order coma 0°                                −0.40 ± 1.30     −0.56 ± 1.58     −0.16 ± 0.75 (−0.56, 0.24)              0.414
  3rd order coma 90°                               −2.09 ± 1.29     −1.61 ± 1.36     0.48 ± 1.00 (−0.05, 1.01)               0.073
  3rd order trefoil 0°                             0.06 ± 1.12      0.38 ± 1.41      0.32 ± 0.94 (−0.18, 0.82)               0.189
  3rd order trefoil 30°                            0.02 ± 0.49      −0.33 ± 1.15     −0.35 ± 1.02 (−0.90, 0.19)              0.187
  4th order spherical aberration                   −0.73 ± 0.95     −0.42 ± 0.72     0.31 ± 0.75 (−0.90, 0.71)               0.119
  4th order vertical astigmatism 0°                0.03 ± 0.66      −0.02 ± 0.64     −0.05 ± 0.18 (−0.15, 0.04)              0.273
  4th order oblique astigmatism 45°                0.06 ± 0.61      0.17 ± 0.49      0.11 ± 0.28 (−0.04, 0.27)               0.124
  Posterior corneal surface aberrations (micron)                                                                             
  Total RMS                                        2.71 ± 0.98      2.75 ± 1.17      0.05 ± 0.48 (−0.21, 0.31)               0.693
  2nd order astigmatism 0°                         0.45 ± 0.27      0.47 ± 0.27      0.01 ± 0.15 (−0.06, 0.09)               0.718
  2nd order astigmatism 45°                        −0.01 ± 0.39     0.02 ± 0.36      0.03 ± 0.17 (−0.06, 0.12)               0.499
  3rd order coma 0°                                0.04 ± 0.31      0.05 ± 0.29      0.01 ± 0.17 (−0.08, 0.11)               0.774
  3rd order coma 90°                               0.50 ± 0.28      0.39 ± 0.36      −0.12 ± 0.26 (−0.25, 0.02)              0.095
  3rd order trefoil 0°                             0.05 ± 0.24      0.01 ± 0.12      −0.04 ± 0.22 (−0.16, 0.08)              0.472
  3rd order trefoil 30°                            −0.09 ± 0.17     0.00 ± 0.26      0.09 ± 0.25 (−0.04, 0.22)               0.170
  4th order spherical aberration                   0.03 ± 0.16      0.01 ± 0.17      −0.02 ± 0.06 (−0.05, 0.01)              0.180
  4th order astigmatism 0°                         −0.06 ± 0.10     −0.05 ± 0.11     0.01 ± 0.06 (−0.02, 0.04)               0.519
  4th order astigmatism 45°                        0.00 ± 0.11      −0.01 ± 0.13     −0.01 ± 0.06 (−0.04, 0.02)              0.635

HOA: High order aberration, LOA: Low order aberration, RMS: Root mean square.

Repeated measures analysis of covariance.
